SUMMARY:
6MFA, an interferon-inducing substance obtained from fungus, Aspergill us ochraceus, has shown anti-inflammatory activity both in acute and chronic animal models of inflammation.
It was found that 6MFA was equally effective in inhibiting both exudative as well as granulative phase of inflammation.
The compound suppressed also cellular migration during inflammatory process and potentiated significantly the anti-inflammatory activity of indomethacin.
The compound was devoid of analgesic or antipyretic activity. The probable mechanism of action of this compound is not fully understood. However, the possibility of triggering the induction of endogenous antiinflammatory substance(s) along with interferon(s), or interaction of induced interferon(s) directly or indirectly with the prostaglandin system has been attributed.
INTRODUCTION
6MFA (see a footnote on page 146), a new microbial compound containing polysaccharide, protein and nucleic acid (double-strand RNA) obtained from fungus, Aspergillus ochraceus, ATCC 28706 (1, 2) , has been shown to possess antiJapanese-encephalitis activity in a murine model (3, 4) .
Interferon induction has been shown to be the basis of anti-viral resistance activity of 6MFA (3) . Tests have also indicated that immune response of the vertebrate host plays a significant role in concert with interferon response to achieve the mouse protection (5,6).
Interferon-inducing agents like ploy TIC, tilorone and statolon have shown to elicit significant anti-inflammatory activity (7) (8) (9) (10) (11) . In addition, rheumatoid arthritic patients receiving interferon therapy showed significant improvement in grip-strength and motility of joints (12) . With these background information, we decided to investigate the effect of 6MFA on different animal models of inflammation and also attempted to explain possible mode of action of this compound.
MATERIALS AND METHODS
Male albino rats of Hindustan Antibiotic (HA) strain weighing 120-150 g were used throughout the study. The rats were kept on a light-dark cycle (10 hr light and 14 hr dark) and maintained on HA diet and water ad libitum in our animal quarters.
Drug solutions and treatment schedule: 6MFA Lot 7-84 (which has shown 100% and 70% anti-viral activity in Japanese encephalitis (JE) and Semliki Forest virus (SFV) mouse models respectively) was used for all the experimental studies and solutions were prepared in distilled water just before the experiment. Indomethacin was obtained from Merck Sharp and Dhome, Bombay, and prepared as a suspension in a 0.5% (w/v) carboxymethyl cellulose solution. The time interval between 6MFA administration and the injection of various inflammatory agents, viz., carrageenin, albumin, Freund's adjuvant and UV erythema, was kept 17 hr, because at this interval 6MFA elicited maximum effect. However, in cotton pellet granuloma and granuloma pouch experiments, 6MFA was administered twice at an interval of 4 days to minimize hyporesponsiveness of the second dose with respect to interferon induction.
Carrageenin -induced edema: Carrageenin edema was induced by injecting subcutaneously carrageenin into the plantar region of the hind-paw of rats according to the method of Winter et al (13) .
A group of rats were treated with 6MFA (10 mg/kg intraperitoneally) 17 hr prior to indomethacin and carrageenin was injected 1 hr after indomethacin treatment.
ED50 of indomethacin with and without 6MFA treatment for carrageenin edema inhibition was calculated.
Albumin -induced edema: Albumin edema was produced by injecting subcutaneously 0.1 ml of 2% (w/v) bovine albumin (Sigma Chemicals Co., St. Louis, MO), prepared in normal saline, into the plantar region of the hind-paw of rats.
Freund's adjuvant edema [18 hr arthritis test -Sofia et al (14) ]: Rats were injected subcutaneously 0.1 ml of complete Freund's adjuvant (Difco Laboratories, Detroit, MI) into the plantar region of the right hind-paw.
Ultraviolet -induced erythema: Albino guinea pigs weighing 250-300 g were prepared for UV exposure as described by Winder (15 6MFA was administered intraperitoneally at different doses 17 hr prior to carrageenin and albumin injection. Paw volumes were measured on a plethysmographic apparatus before and 3 hr after carrageenin or albumin injection.
Mean edema volume was determined and inhibition was calculated with respect to its vehicle-treated group. In case of Freund's adjuvant edema, 6MFA was administered intraperitoneally 1 hr prior to Freund's adjuvant injection and paw volumes were measured before and 17 hr after Freund's adjuvant injection. Indomethacin was administered orally 1 hr prior to carrageenin, albumin or Freund's adjuvant injection.
It was also found that pretreatment with 6MFA (10 mg/kg intraperitoneally) at a noneffective dose (less than 15% edema inhibition) potentiated the antiinflammatory (AI) activity of indomethacin significantly. ED50 for 6MFA + indomethacin was 1.2 (0.9-1.6) mg/kg and for indomethacin alone was 2.6 (1.7-3.9) mg/kg.
The time course development of UV erythema in guinea pigs indicate that within 15 min after UV exposure, erythema appeared in some animals and by 30 min all the animals developed distinct lesions, pale pink in color. The intensity of the reaction rapidly increased reaching maximum by 5 hr. At the maximum, the lesions appeared deep reddish-pink in color (Fig. 1) .
The erythema persisted with more or less of the same intensity for about 6 hr when a slow subsidence began. The reaction was noticeable even at 24 hr though the lesions were then more dusty in color.
Treatment with 6MFA delayed the onset and development of UV erythema (Fig. 1) . The intensity of erythema response was comparatively less in 6MFA and A group of rats with granuloma pouch received 6MFA (100 mg/kg) by the ip route twice in the 8 days' period at an interval of 4 days. Another group of granuloma pouch rats were received 6MFA (2 mg/rat) via the intrapouch rouute once only.
Similarly, indomethacin (3 mg/kg) was administered orally daily for 8 days to a group of rats with the granuloma pouch, and another group received (0.5 mg/rat) via intrapouch once only. The rats from all groups were sacrificed on the 9th day after the induction of the pouch and effects of drugs were compared with the untreated control group. Each consisted of 8-10 rats.
indomethacin-treated guinea pigs than the untreated control for the observation period. However, delay in erythema development was significantly greater in 6MFA-treated animals than in indomethacin-treated animals.
In cotton pellet granuloma experiments, treatment with 6MFA (100 mg/kg intraperitoneally, twice in 8 days) and indomethacin (daily 3 mg/kg orally for 7 days) elicited 25% and 50% inhibitions, respectively, in granular tissue formation. In granuloma pouch experiments, treatment with 6MFA both by the intraperitoneal and intrapouch routes showed marked inhibition in exudate and granular tissue formation (Table II) . Administration by the intrapouch route showed greater effect than by the ip route.
Indomethacin treatment showed significant effect on exudate and granular tissue formation only by the intrapouch route (Table II) . Increased cell counts, viz., leukocytes, polymorphs and monocytes, in the exudate of the granuloma pouch were decreased significantly with the treatment with both 6MFA and indomethacin (Fig. 2) . The decrement in cell counts in the 6MFA-treated group was more marked than that in the indomethacin-treated group.
Therapeutic index of 6MFA and indomethacin in different edemas indicate that 6MFA has a large therapeutic index than does indomethacin (Table III) .
6MFA did not elicit any analgesic activity in mice (Swiss strain) when tested by the tail-clip, shock and thermal methods. 6MFA also failed to show any antipyretic activity in yeast-induced pyrexia rats. statolon and tilorone, inhibited experimentally induced inflammation in animals (7, 8, 11, 20) . The AT activity of interferon inducers was found to be not mediated through glucocorticoids liberation or prostaglandin synthetase inhibition (7, 8, 20) . Furthermore, it was observed in the clinics that patients receiving interferon therapy showed a significant improvement in grip strength and motility of joints (12) . In the present study, it was observed that 6MFA showed a significant antiinflammatory activity both in acute and subchronic animal models of inflammation. Moreover, 6MFA was equally effective in inhibiting both exudative and granu-lative phases of inflammatory processes. Furthermore, 6MFA treatment elicited a marked suppression of leukocyte migration to the site of inflammation.
Even today, the mode(s) of action of anti-inflammatory drugs in inflammation remains obscure or at least controversial (21) . However, available reports indicate that non-steroidal anti-inflammatory drugs interfere with variety of cell functions e.g., generation and/or action on prostaglandin or other mediators (22) (23) (24) (25) . It was observed in our present study that 6MFA not only potentiated AI activity of indomethacin in carrageenin edema but also suppressed significantly cellular migration into the exudate of the granuloma pouch. Furthermore, Singh et al. (26) , have reported that 6MFA treatment potentiated significantly the indomethacin toxicity in mice. These observations along with our present findings indicate that 6MFA by itself or induced interferons may affect the prostaglandin system either directly or indirectly and may elicit AT activity. Alternatively, it is possible that 6MFA like tilorone may activate endogenous AT substances from plasma (20) . However, it would be important to determine -firstly, whether interferon induces or activates the production of natural endogenous AI substances such as orgotenin, ceruloplasmin, etc., during the course of interferon induction? Secondly, whether the intermediate products formed during interferon induction are triggering anti-inflammatory processes? Thirdly, whether AT activity of 6MFA could be attributed to the combined effect of endogenous anti-inflammatory substances and interferons? 
